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Abstract

BACKGROUND: Cancer-associated fibroblasts are important cell components that constitute the tumor microenvironment, but they are prone to aging and
phenotype loss during the primary culture, which greatly reduces the experimental reproducibility of cancer-associated fibroblasts function-related research.
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OBJECTIVE: To establish an immortalized oral cancer-related cancer-associated fibroblast line and provide stable experimental cells for exploring the function of

cancer-associated fibroblasts in oral cancer.

METHODS: Enzymatic digestion method was used to isolate and purify cancer-associated fibroblasts from human oral cancer tissues, and the lentivirus
packaged with human telomerase reverse transcriptase (hTERT) (pBABE-hygro-hTERT) was used to infect primary cancer-associated fibroblasts; and their
morphology and markers were identified; cell proliferation and aging functions were tested. Furthermore, chromosome karyotype analysis and short tandem
repeat analysis were performed on primary cancer-associated fibroblasts and immortalized cancer-associated fibroblasts for cell line identification.

RESULTS AND CONCLUSION: (1) After fibroblasts were immortalized, the expression levels of their markers a-SMA, PDGFRB and FSP-1 were not significantly
changed. (2) Even after 15 passages, their proliferation rate was significantly better than that of non-immortalized cells. (3) The results of B-galactosidase
staining showed that with the increase of cell passage, compared with non-immortalized fibroblasts, immortalized fibroblasts did not present obvious
senescence. (4) The karyotype of immortalized fibroblasts still retained the basic characteristics of normal cells without malignant transformation. (5) Short
tandem repeat identification results demonstrated that immortalized fibroblasts were primary cells, and there was no overlap with the information in the
known cell database. (6) These findings indicate that an immortalized fibroblast line derived from oral cancer has been successfully established, which provides
a further experimental basis for studying the tumor microenvironment of oral cancer.
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1 #EFn753E Materials and methods

1.1 &Kot AAMEH s .

1.2 B Ab,E SZEGT 2019 A2 2 H & 2021 4E 2 HAER L
KL 2 Bt B i 1 s [ Bt o0 S 6 5 5 Ao

1.3 AR FRAEUE B RO I e e T s B A AR R
Wk i 1 s R, e, 75 %, GRIRANE 1 .
EFIE R BB T, RIEFRIRA . FrARPIE Jab 3
3h, H1250 mLAEBREIK (& EFR R 160 /7 U) RE M=
W BT AR AN . R 58 B A I AR R A 24135
73 B R 2 2 B P e 10 s (2 o 1 A 380 o A R 5 1 TR
fkuE, HLHESS: 2019NL-009(KS).

LI FEIRF): BER SRS PR (Servicebio, HHEEIN );
DMEM 5775, IR MG, FH & /8% R PUAM (Gibeo,
FEH ); FM B FR Ik (ScienCell, L[ ) HH &R/ HHE RN
LI (Gibco, RPN ); o LT 44 M % A7 (Bambanker, H
A ); JREE B (Invitrogen, SEE ) T AR EEG. VALK
R (Biosharp, HEEGE): IR AN (HFAEY, T HE
g ) B BIR G (Sigma, SEE ); HLURAEIK (Miltenyi
Biotec, fii[H ); Lipofecamine 3000 %% 4k 55, Opit-MEM 3%
724k (Thermo Fisher, &I ); HUiAMBM (DAKO, SEH ); 7%
JtdF [# 55 (SouthernBiotech, ZE[H ); 4T A PD-L1 HITFEHT
& (1 : 200, Proteintech, ZE[H); fHHi A a-SMA ¥ o7 % i
{& (1 : 1000, CST, 3[EH ); Donkey Anti-Rabbit IgG H&L (Alexa
Fluor® 647). Donkey Anti-Mouse IgG H&L (Alexa Fluor® 594)
(1 : 400, Abcam, ¥%[H ); CCK-8 iR 7| & (Thermo Fisher,
FH); B P FLBE N JE AL S 70 & (RGO039, FH A K,
HE ).

LI FFE(NEE: CO, 577 4H (Thermo Fisher, K[ );
HIAEG (IR AR, FEIIM ) & RRHR R E S0
HL(HITACH, HA); #&HhxUEFR%EIK (Thermo Fisher, &[] );
R (JEE, HA): WA (CBS, FKH); 4i/KHLl
(Millipore, Z&[H ); HIUKHL ( ZOULEE, HEIIN ) fHRESE
@ (HH, HEBN ) AHE )R (WHB, FEH L) &
P IL IR AR WA (Nikon, HA ).
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RARIEFMIE: RS HPIE S RIT, 2J6 2d Bl 1 FIRRAIE
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MEBFER: M 90%-100% & 0.25% EDTA BN LI F— 1,
L1 0 2 bR, P RSN KR IR 7

MgkE: RGO B

IR R ORI B R I B0 T 5 S

1.4.2 R SC R AT 4E QBRI K AR Ak A T T TR AR 9% AR
AU R, F A E2EE AR E X F 5¢ 5 (oBABE-hygro-
hTERT) )18 575 253 8K e T2 70 125 153 210 (1 SR AR 8 A G e 2T 4k 4
ff2, 6 h j5 5k DMEM/F12 SE AT 2, TART =46 A
ReREFE 24 h, SRJG NN 150 mg/L W55 kT iE, &3 d
W 1 IR, PSR 12-14 d, BELEXRA (A
PEXT HRTEE ) A0 A RA0 TS, N1 IR R B R T T 4k
g, BRI B T, B I 5 RS R
143 Yo et e G I B B I 40 B IE 32 i
TR ECN 75% LBz 20 24 h, THEEGFHEAE G I K
BT/ R, PBS phit 2 Wk, FAET 24 L. HA
THACJEAR R AT 4R A0 (AL AR A A AR K A A R 4T 4R 40 ),
i DMEM/F12 5% 4 8% 77 56 8 B %558 249K J¥ (1.6x10° L),
WRFT 240 i B AE A B A GH M 2R 7E 95% LA 1, AL 500 L
YRR, WSIEER T 24 FLARN S TR, 40g/L 2R HRE
[ 5 15 min, W2 %2 B HEE, PBS pF¥% 3 K, HEIX 5 min,
FHEE AT A (1 HEE T -20 'CHTHL, 15 min J5W % EE, PBS
M3 K, BEIR S min, 3% 4G A EEE 1 h, Rk
MHEAEE, 4 CHE I, —H 5k a-SMA, FSP-1
A K PDGFRB, PBS ¥t2:—¥i, =ML E Rt —H—H
AN/, PBS ¥E2: T4, b0\ DAPI 48 A% Yk {4 2 min, PBS
Ve DAPL, SEINBGPEAGR, PR3 B, R AT R
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BEAZE. M.

1.4.4 4% FIFH CCK-8 SEIGATMIEE 3, 6, 10, 15 X7k
A b 5 7k A AR R R S B AT dE A B I AR K i 2R, DAL
3000 /™41 T 96 FLAR Hf, #5377 d JE R FL 0NN 10 pL
CCK-8, 37 “C. AR B M 5%CO, 87 g E 2 h, {4
BEEARASCRT I 450 nm K ARG AR, JELRAGI 4 d. EEAT ST
353 W, HUSME.

1.4.5 B- PIMEHEGYE IR AEAURAEMTIZE 3, 6,
10, 15 R R HH G AT i 41 il LA 1.5x10° AN / FL4H M % i B2
FiF 6 FLAR, 3537 24 h 5 BRANARES TR, M 1 mL B-
FLHE B e o [ B v, 2R A2 10 min, W B 4 G ] 2
PBS YRV AL 3 ¥k, IR 3 min, WiBx PBS, fFLIIA 1 mL
Jets TR, 37 CHEHE 20 min-2 h B KIS [H], B A2HE54
FB AR TS, an R E B R, BT LU df O R fR e R
ff 6 FLIRPT IEZE K, Hdh s R T,

1.4.6 4HfI G AR b BON B KK A AR R K AR
A SR MR S AT 4R 40D, NN 50 pLRK/KAL R , kS8 35 4
FAWR A e T 43 A 20, 1000 r/min £5.0» 10 min, W7
B B NN TR 37 °C 1) KCI(0.075 mol/L), 4
A05mL, 3E5mL, W5, HWERRWRITIE, 37 CH
H 30 min, B e e s B -10 CUKERINERE R, BR
PR 15 om AL B LR B 2 SN N [ GE T2 R R 4
MBS, TR 4% 5 W5 AR 4 20 min, KR
Ve 1, CREEM K — W RGE B 3 U0, Hh i fi [
T BT V5% B o 4 B Gt AR ) B B ST ASRRAE, T H Visus2.1
BAFREAT AT A EE

147 MRS E NTECHRREN, HATHPKES
J7°%1] (short tandem repeat, STR) il Hid &7k A= 4k i £f 4k
YA 3 ARAEAK A AL RET 4E4H I, B Microread Genomic
DNA kit $2H{ DNA, 3%/H Coldeneye™ 20A STR & &9 1 i 771
BT HG, 7 ABI 3100 BUEtA% 43 BT A bk A I E 7 4
A7 55 R 5 3L ) Amelogenin HEAT R o

15 T EZMRIIF O a-SMA, FSP-1. PDGFRB Huiis ¢ Yy th,
@4 FERE 71 @ B- L ANE L HE o sh B @Y ki,
1.6 %it#a4r SRH SPSS 22.0 #fF (SPSS Inc., Chicago, IL) il
GraphPad Prism 8.0 147 H## 45 v 2% - Ar fl B v ab 22, SR A
student t f 064 BT 4H 1) 22 5, P<0.05 N2 A B Z M Y.

2 258 Results

21 mEEAXRS Emie B b5 g R HEN Ok
RS URA, SRHRTE AR FE 2d 5, AT WA RTE
FREFUEREHIRAATE; 3597 = DUK 5 T WK BT 4E 4 3 5
Y W BT i 20 it — 2P 35 3%, R EL3EE N i L g S e
Sk (pBABE-hygro-hTERT) 185 B B 4 L 22 73 B9 13 21 J5LAR
JfR AR G AT 4 i, UL 1A, B. SRRSO AR K AR
AR AE AL BT 4ESH 34T a-SMA. FSP-1 LA f PDGFRB %+t
UL 1C, D, BIHf 1K AE Ak 1l g AH DG BR AT SR R I ST
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A OmicsLink™ Expression Clone (CMV Promoter)

pReceiver-Lv105
Expression Clone
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Figure 1 | Identification of immortalized and non-immortalized oral
cancer-associated fibroblasts
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Figure 2 | Comparison of growth curves of immortalized and non-
immortalized oral cancer-associated fibroblasts
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Figure 3 | Comparison of senescence of immortalized and non-
immortalized oral cancer-associated fibroblasts
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Figure 4 | Chromosomal karyotype identification of immortalized and
non-immortalized oral cancer-associated fibroblasts

Chinese Journal of Tissue Engineering Research | Vol 26 | No.24 | August 2022 | 3811



@7  PRERIEFS

www.CITER.com Chinese Journal of Tissue Engineering Research

MREZE

3 i Discussion

i e 25 5 5 bR B AT Af . R AR DA G, R
0,35 B 78 57 AR PR J T A I, Qs R A O R 21 44 4 i AN 48 ffg
HRETR P 4 M A0 I R SR T AR M BN &R, oA
SN R PR 85 PP S AR R S B DR R . R M S R AT 4
UMY s A M B A LB S 4, T L Jd e i 4 i 8 e g%
Jib R T A B AU FEE gm AR . 4B AN o YA 4 DA K
BITTIN 2% 2 MR 2 5 R A5, FRER
YETT TR 24 22 R M S R AT 4 40 M 7 s R 4 P e
MRz, 3 B A e R BRI X 38, AR A
e JER TR A S R £ 44 20 PR LU 49 ) 10 s otk 2 P e £, LAEAR
AL, BV HRETHE— L. HEl, #aRm
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JL AN BT 73 24 18 B T IR K AR PIRES, B 2 e R B RE
PE, ReE CRRIGGE. LR, BEEELY—M,
RE s [ S Le X LAAE AR, SPE N8 . ) 2 2 I A 3R A5 7k A
R, AR TR, BowRiLE . . HHA TR
257 I 7T B

XoF 11 fi ke P B At 5 I PRAT FE 70 55, J 7 R A DG R 2
Y 2 Hf, 23 A2 IR A DG R T A 48 5 e 28 ELAE R A R Aok
HEIIRTT, 10 E P E AT = R O e A G R AT 4
YA BN R A S R LT A A B A A g R T T I = K
B AR R R R R S R, R K
HRNESALRA: R E AR R A ) A =R BT

3812 | PEHERTIEHAR | 55264 | 55245 | 2022688

B 228 R A AN B B DA S SR AR S e B FE R
FEH, A BETEN GRRTEE L 1 i A 5% AT 4 2 I 1 K A A
MR, IZAMRENS AR RSN E AR AN, it (A TR] 5 40 R AT
FUBRMLIERE B0 R FCEE 31 2K A AR AR O B 4T 4 4T 7
AT, BA MR ENATEE, RS X
TREF, A BT 3t — 2D RS IR A 5% B ET 4 2 i 5 11 668 e 240
PSS ELAE RN o e hh, TR Gl 5 £ iR AR < R 4T 4
N R A R BRI D RE I S BT, K A TR AH G i ZT 4R
I YA AR ST A SR 3 R RV T B b B A P SR . T AL
ARA AL T SRS IR A S AR AT e M e b, KR A
Rkt P TR 5 I8 R O RS 2T 24 200 0 R B AP 85 oo 8 4
bR SRR

EREPTIR, b U I AR TR AN A R A BOR T
FESL T R R YR A K AE A AT e &R, HKZE AL AT
dEgp i g ke R R AR, RBNETERE WS E, 1IZ4E &
(3 7 s e PR R B RO e die it gk — 2B I s g Bk A

TEB T SRkt AR, Mt TR SR EkAhE. Tt
K&, BA. FHA; ZRIREREE,

GBRTF: ZXAFELT ‘BRFFHFEALMA (81902754)” F=
“GLHE B ARAEF A (BK20190304)” #9FBh. BTAAEE FUL, % X
FEA #o0 I E I AT AF 48 B4 Rty geit oA AL ARE .

FIEMZR: LFGLHMNLF W, ERAMAFLFRE LT R
F AR R

HLAMRIRIERE: 2R 6 FHIT R R T U EE R eG4 X E K,
E A4 5 No.2019NL-009(KS).

MIEEELE: vEEALGEH T T OEE R, HREFAL
R & AT B,

B{EEE: 2R ETEREZHAHEER A (FAARL LR Y
REFe B F BT it 5 R AR FATL) .

NEEE: LFHRATC2iE+ LR 25 Lkt R ARTIREE,

TEIE: LEZDNRATIT ERUEGIT, FAFPUALD LTS
SR EBTE.

£YRHFER: LIFRTFF e 2addhTRFLEITFEEFRT
T6HMH A%

SCERRAL: L RRAT A& € AR B AL E T RARAR £
e

FERREBNERR: 8 — BT AGRIR I FE, 4B (oifdk FFT )
“E 4 - E AL A - AR 7 K F 4.07 o3k, ESI| AGEILT,
AAFRAVIE R L B 69K T RIXA RIS, HEFY R, B AFE
TR P R TR FN. AR, 3790, k. RBEEIZ LK, TH
ZF RG], AV AR R LT A R A IR,

4 =#E ik References

[1] PATEL SG, AMIT M, YEN TC, et al. Lymph node density in oral cavity
cancer: results of the International Consortium for Outcomes Research.
Br J Cancer. 2013;109(8):2087-2095.

[2] OZDEMIR BC, PENTCHEVA-HOANG T, CARSTENS JL, et al. Depletion
of Carcinoma-Associated Fibroblasts and Fibrosis Induces
Immunosuppression and Accelerates Pancreas Cancer with Reduced
Survival. Cancer Cell. 2015;28(6):831-833.

[3] DOMEN A, QUATANNENS D, ZANIVAN S, et al. Cancer-Associated
Fibroblasts as a Common Orchestrator of Therapy Resistance in Lung
and Pancreatic Cancer. Cancers (Basel). 2021;13(5):987.



@72

WREE PEARQTERR 2
Chinese Journal of Tissue Engineering Research  www.CITER.com

[4]  ZHANG F, CUI JY, GAO HF, et al. Cancer-associated fibroblasts induce [19] KAMADA M, KUMAZAKI T, MATSUO T, et al. Establishment of ultra long-
epithelial-mesenchymal transition and cisplatin resistance in ovarian lived cell lines by transfection of TERT into normal human fibroblast
cancer via CXCL12/CXCR4 axis. Future Oncol. 2020;16(32):2619-2633. TIG-1 and their characterization. Cell Biol Int. 2012;36(6):519-527.

[5] DOTTO GP. Multifocal epithelial tumors and field cancerization: stroma [20] YOUS, MOON JH, KIM TK, et al. Cellular characteristics of primary
as a primary determinant. J Clin Invest. 2014;124(4):1446-1453. and immortal canine embryonic fibroblast cells. Exp Mol Med. 2004;

(6] BALDI L, HACKER DL, ADAM M, et al. Recombinant protein production 36(4):325-335.
by large-scale transient gene expression in mammalian cells: state of [21] PETKOV S, KAHLAND T, SHOMRONI O, et al. Immortalization of common
the art and future perspectives. Biotechnol Lett. 2007;29(5):677-684. marmoset monkey fibroblasts by piggyBac transposition of hTERT. PLoS

[7] DAUER P, ZHAO X, GUPTA VK, et al. Inactivation of Cancer-Associated- One. 2018;13(9):e0204580.

Fibroblasts Disrupts Oncogenic Signaling in Pancreatic Cancer Cells and [22] VERED M, DAYAN D, YAHALOM R, et al. Cancer-associated fibroblasts
Promotes Its Regression. Cancer Res. 2018;78(5):1321-1333. and epithelial-mesenchymal transition in metastatic oral tongue

[8]  YIY, ZENG S, WANG Z, et al. Cancer-associated fibroblasts promote squamous cell carcinoma. Int J Cancer. 2010;127(6):1356-1362.
epithelial-mesenchymal transition and EGFR-TKI resistance of non- [23]  MARSH D, SUCHAK K, MOUTASIM KA, et al. Stromal features are
small cell lung cancers via HGF/IGF-1/ANXAZ2 signaling. Biochim Biophys predictive of disease mortality in oral cancer patients. J Pathol. 2011;
Acta Mol Basis Dis. 2018;1864(3):793-803. 223(4):470-481.

[9] LIU M, SONG W, HUANG L. Drug delivery systems targeting tumor- [24] THOMAS D, RADHAKRISHNAN P. Tumor-stromal crosstalk in pancreatic
associated fibroblasts for cancer immunotherapy. Cancer Lett. 2019; cancer and tissue fibrosis. Mol Cancer. 2019;18(1):14.

448:31-39. [25] BARRETT R, PURE E. Cancer-associated fibroblasts: key determinants

[10] GRUNBERG N, PEVSNER-FISCHER M, GOSHEN-LAGO T, et al. Cancer- of tumor immunity and immunotherapy. Curr Opin Immunol. 2020;64:
Associated Fibroblasts Promote Aggressive Gastric Cancer Phenotypes 80-87.
via Heat Shock Factor 1-Mediated Secretion of Extracellular Vesicles. [26] KOBAYASHI H, ENOMOTO A, WOODS SL, et al. Cancer-associated
Cancer Res. 2021;81(7):1639-1653. fibroblasts in gastrointestinal cancer. Nat Rev Gastroenterol Hepatol.

[11] BAKER AT, ABUWARWAR MH, POLY L, et al. Cancer-Associated 2019;16(5):282-295.

Fibroblasts and T Cells: From Mechanisms to Outcomes. J Immunol. [27]  WUY, ZHANG Y, MISHRA A, et al. Generation of induced pluripotent
2021;206(2):310-320. stem cells from newborn marmoset skin fibroblasts. Stem Cell Res.

[12] SUBRAMANIAM KS, OMAR IS, KWONG SC, et al. Cancer-associated 2010;4(3):180-188.
fibroblasts promote endometrial cancer growth via activation of [28] LI Q, TANG L, ROBERTS PC, et al. Interferon regulatory factors IRF5 and
interleukin-6/STAT-3/c-Myc pathway. Am J Cancer Res. 2016;6(2): IRF7 inhibit growth and induce senescence in immortal Li-Fraumeni
200-213. fibroblasts. Mol Cancer Res. 2008;6(5):770-784.

[13] BORRIELLO L, NAKATA R, SHEARD MA, et al. Cancer-Associated [29] MAISHI N, KIKUCHI H, SATO M, et al. Development of Immortalized
Fibroblasts Share Characteristics and Protumorigenic Activity with Human Tumor Endothelial Cells from Renal Cancer. Int J Mol Sci. 2019;
Mesenchymal Stromal Cells. Cancer Res. 2017;77(18):5142-5157. 20(18):4595.

[14] LIZ,ZHOU J, ZHANG J, et al. Cancer-associated fibroblasts promote [30] BALDUCCI L, BLASI A, SALDARELLI M, et al. Immortalization of human
PD-L1 expression in mice cancer cells via secreting CXCL5. Int J Cancer. adipose-derived stromal cells: production of cell lines with high growth
2019;145(7):1946-1957. rate, mesenchymal marker expression and capability to secrete high

[15] ZHAO X, DING L, LU Z, et al. Diminished CD68+ Cancer-Associated levels of angiogenic factors. Stem Cell Res Ther. 2014;5(3):63.
Fibroblast Subset Induces Regulatory T-Cell (Treg) Infiltration and [31] VIDALE P, MAGNANI E, NERGADZE SG, et al. The catalytic and the RNA
Predicts Poor Prognosis of Oral Squamous Cell Carcinoma Patients. Am subunits of human telomerase are required to immortalize equid
J Pathol. 2020;190(4):886-899. primary fibroblasts. Chromosoma. 2012;121(5):475-488.

[16] DING L, REN J, ZHANG D, et al. A novel stromal IncRNA signature [32] KUMAZAKI T, KURATA 'S, MATSUO T, et al. Establishment of human
reprograms fibroblasts to promote the growth of oral squamous cell induced pluripotent stem cell lines from normal fibroblast TIG-1. Hum
carcinoma via LncRNA-CAF/interleukin-33. Carcinogenesis. 2018;39(3): Cell. 2011;24(2):96-103.

397-406. [33] YUAN J, YANG BM, ZHONG ZH, et al. Upregulation of survivin during

[17] ZELTZ C, PRIMAC I, ERUSAPPAN P, et al. Cancer-associated fibroblasts immortalization of nontransformed human fibroblasts transduced with
in desmoplastic tumors: emerging role of integrins. Semin Cancer Biol. telomerase reverse transcriptase. Oncogene. 2009;28(29):2678-2689.
2020;62:166-181. [34] HASHIMOTO H, SUDAY, MIYASHITA T, et al. A novel method to generate

[18] TAN JJ, WANG L, MO TT, et al. Establishment of Immortalized single-cell-derived cancer-associated fibroblast clones. J Cancer Res

Laryngeal Epithelial Cells Transfected with Bmil. Cell Transplant. 2020;
29:963689720908198.

Clin Oncol. 2017;143(8):1409-1419.

( TTAESWEE: MZH, ZN, ZH)

Chinese Journal of Tissue Engineering Research | Vol 26 | No.24 | August 2022 | 3813



